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(54) Method of fabricating thermoelectric sensor 

(57) A thermoelectric sensor device is disclosed 
consisting of polysilicon, titanium or AlSiCu as the ther- 
mocouple of material for thermoelectric sensor device. 
The features of the present process are: Selecting a ma- 
terial such as aluminum, titanium, aluminum alloy or ti- 
tanium alloy with lower thermal conductivity coefficient 
as thermocouple element line and making use of zigzag 
structure with thermocouple element line, and increas- 



ing the length of thermocouple element line. Employing 
front side Si bulk etching technique to etch the silicon 
substrate, which is under the device and empty of silicon 
substrate, so as to reduce the superficial measure of 
thermoelectric sensor module and increase the through- 
out of the silicon wafer. Simultaneously, fabricating a re- 
sistor to treat as a heater on the membrane for adjusting 
the device. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method ot 
fabricating thermoelectric sensor. More particulars, in- 
creasing the length of the thermocouple element line 
and decreasing the heat conductivity by using a zigzag 
structure, or a meander structure, of the thermocouple 
element line, as well as etching the silicon substrate by 
using front side Si bulk wet etching. Not only increasing 
the gross die throughput of the silicon wafer, but also 
making a resisterto be treated as a heater on the sensor 
membrane structure for electrical calibration of the de- 
vice. 

2. Description of the Prior Art 

[0002] Infrared radiation detector measures an object 
temperature by receiving and counting the infrared ray 
intensity generated from the object. It is so-called non- 
contact temperature measurement. The typical applica- 
tions are like in-situ monitoring of semiconductor proc- 
ess steps, infrared spectroscopy, detection of various 
gases and liquids in industrial process environments, 
measurement of temperature distribution in house for 
air conditioner, applications in medicine of medical ther- 
mography and clinical tympanic thermometers, and se- 
curity application of passive intrusion detector. The op- 
eration principle basically is that the infrared rays radi- 
ates onto the detector, causing the temperature arise of 
radiation absorber area, then this temperature arise will 
cause the change ol device physical nature, and it can 
be converted into a change of electrical output. The 
common sensors are known as pyroelectric sensor, bo- 
lometer, and thermopile. 

[0003] The pyroelectric sensor is made of ceramics 
or polymer, and it needs carefully treatment during as- 
sembly and packaging. The manufacturing cost of py- 
roelectric sensor is comparatively higher than thermoe- 
lectric sensor, since thermoelectric sensor can be batch 
fabricated by using semiconductor mass production 
line. On the other hand, the bolometer sensor needs bi- 
as to measure the variation of its resistance and 1/f 
noise will occur due to such bias reading. The thermo- 
pile, i.e., thermoelectric sensor, is a group of thermocou- 
ple connected in series. A thermocouple consists of a 
pair of dissimilar conductors so joined at two points that 
an electromotive force is developed by the thermoelec- 
tric effect when these two points, i.e., junctions ; are at 
different temperatures. The thermoelectric sensor re- 
quires no additional bias, and is useful over a wide range 
of ambient temperatures. Because the thermoelectric 
sensor can be fabricated by semiconductor process 
technology, it is easily interfaced with monolithic inte- 
grated circuits. As a result, the thermoelectric sensor 



shows strong market potential and cost competitive- 
ness. 

[0004] From the view point of sensor function, if the 
device can include thermoelectric sensing element and 

5 amplifying circuit, then the function and performance of 
device will be increased, and the noise of signal inter- 
face will be decreased as well. It points out the advan- 
tage of developing a compatible thermoelectric sensing 
element with the standard CMOS process. Because it 

10 provides the possibility of integrating thermoelectric 
sensing element and signal processing circuit into a 
monolithic IC sensor. 

[0005] According to the post-process that thermoe- 
lectric sensor in prior art usually possessed of the f ree- 
fs standing membrane structure made by back side silicon 
wet etching, but this way exhibits shortcomings as be- 
low: 

[0006] Referring to FIG. 1 A it is a cross-sectional view 
of the rim of thermoelectric sensor. Providing a silicon 

20 substrate 1 and forming close membrane 2 ; a plurality 
of first thermocouple element line 3, isolation layer 4, a 
plurality of second thermocouple element line 5, and ra- 
diation absorber layer 6. The radiation absorber layer 6 
that is isolated to the isolation layer 4' couples with first 

25 thermocouple element line 3 and second thermocouple 
element line 5. The close membrane 2, first thermocou- 
ple element line 3, isolation layer 4, and second thermo- 
couple element line 5 are symmetry as a result of the 
rim of thermoelectric sensor. 

30 [0007] FIG. 1B is shown the connection of intercon- 
nects in according to thermoelectric sensor of FIG. 1 A. 
The opening of first thermocouple element line 3 cou- 
ples the extremity of second thermocouple element line 
5 with heated junction H nearby radiation absorber layer 

35 6 by way of series connection, and cold junction C is 
distant from radiation absorber layer 6. The first cold 
junction C of first thermocouple element line 3 couples 
electrically to the first metal pad 7, and the last cold junc- 
tion C of second thermocouple element line 5 couples 

40 electrically to the second metal pad 8. 

[0008] The heated junction H is located above close 
membrane 2 and located beneath radiation absorber 
layer 6, and its temperature will be rose due to the heat 
coming from radiation absorber layer 6. Since radiation 

45 absorber layer 6 will be heated when it receives infrared 
radiation. The cold junction C is located on silicon sub- 
strate 1 . Its temperature will be the same as the ambient 
temperature, because silicon substrate has high solid 
conductance and heat from cold junction dissipates 

so through silicon substrate 1 . In order to form the close 
membrane 2, the silicon anisotropic wet etching process 
is applied to remove the underneath silicon substrate 
from close membrane 2. If the etching window is formed 
on the backside of silicon substrate, then the etchant 

55 solution will attack silicon from the backside. A larger 
etching window area is necessary to define the area of 
close membrane 2, due to the different etching rate of 
silicon crystal facet. It means the overall device size will 
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become quite larger than the defined close membrane 
2 area, since the backside etching window is larger than 
the defined close membrane 2 area, and device must 
be larger than the backside etching window. However, 
if the etching window is formed on the front side of silicon 
substrate, then the induced cavity will be like the one 
shown in FIG. 2A. It means the overall device size will 
become almost the same as the defined close mem- 
brane 2 area. In such case, a cantilever beam or a 4-arm 
bridge will be generally used to support the structure of 
radiation absorber layer and the group of thermocou- 
ples. Ascribing to the different sizes of device made by 
front side or backside silicon anisotropic wet etching, the 
gross die of thermoelectric sensor from the wafer made 
by front side wet etching will be larger than the one made 
by backside wet etching. 

[0009] In general, the characteristics of thermoelec- 
tric sensor express with responsivity in volts per watt 
(Rv), Johnson noise (V,), Noise Equivalent Power 
(NEP), and specific detectivity (D*). The corresponding 
formula is according to below equation: 



A/a 



Vj = j4kTR&f 



NEP =10 ~ 



D* 



jAAf 
NEP 
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(3) 
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[001 0] Where N is the number of thermocouples, and 
a is the seebeck coefficient V/°C). The G st G g , G r are 
separately the thermal conductivity of solid, gas, and ra- 
diation, respectively. The k is Boltzmann's constant, T 
is the absolute temperature (°K), R is the electrical re- 
sistance, Af is the bandwidth of the amplifier, and A is 
the area of radiation absorber layer. 
[0011] According to aforementioned illustration, ther- 
moelectric sensor measures the temperature of object, 
the sensor performance depends on the quantity of out- 
put signal and the sensitivity of temperature variation of 
measured object. The responsivity Rv is the output volt- 
age for unit input radiation power. It represents the out- 
put efficiency of sensor. Noise equivalent power NEP is 
the input power when the output voltage of thermopile 
is equal to the noise level. The specific detectivity D* is 
the inverse number of NEP and normalized by the radi- 
ation absorber area and signal frequency. D* is the index 
of the sensor that express how small signal can be de- 
tected. Because the thermal conductivity of structure 
materials of thermoelectric sensor in inverse proportion 



to values of Rvand D*. To improve Rvand D*. employing 
the tower thermal conductivity of the thermocouple ele- 
ment line or increasing the length of the thermocouple 
element line is the way. 
5 [0012] Referring to FIG. 1 B, the first thermocouple el- 
ement line 3 and the second thermocouple element line 
5 are straight lines. The thermocouple element line 5 is 
usually made of aluminum which it has high thermal con- 
ductivity. However, for the thermoelectric sensor fabri- 
cs cated by standard semiconductor CMOS process, the 
first thermocouple element line 3 is polysilicon and the 
second thermocouple element line 5 is aluminum. 
Therefor the sensor performance is limited by the factor 
of high thermal conductivity of the second thermocouple 

*5 element line 5. The overall thermal conductance de- 
creases by increasing length of thermocouple element 
line, but the overall resistance of thermopile increases 
too. Because the resistance of polysilicon is high, the 
resistance of first thermocouple element line will in- 

20 crease rapidly as its length increasing. As a result the 
overall sensor performance is not simply increased in 
proportion to increment of length of thermocouple ele- 
ment line. The present invention discloses a zigzag 
structure of the second thermocouple element line to de- 

25 crease the thermal conductance of the second thermo- 
couple element line, while the length of first thermocou- 
ple element line is kept the same. In such invention, the 
sensor performance can be promoted without changing 
the size of sensor or the size of membrane. 

30 [0013] The general thermoelectric sensor measures 
the ambient temperature by using an off-chip tempera- 
ture sensor, such as thermister, transistor or diode. The 
present invention applies the same material with the first 
thermocouple element line or the second thermocouple 

35 element line to form an on-chip temperature sensitive 
resistor that can be used to measure the ambient tem- 
perature. Besides, to avoid rising temperature of silicon 
substrate due to the dissipated heat power from the bias 
reading of this on-chip temperature sensitive resistor, 

to the resistance ol this on-chip resistor is designed to be 
greater than 100KH. 

[0014] Furthermore, in the non-contact temperature 
measurement, the object temperature can be calculated 
from the output voltage value ol thermoelectric sensor. 

^5 The output voltage, or responsivity, may decrease or de- 
teriorate due to the aging of thermocouple materials in 
which is caused by strong environment variation and 
storage damage. This effect will lead to the measure- 
ment deviation in the long term. It also costs manufac- 

s o turer to use expensive electrical circuit to calibrate these 
effects for commercial product. The present invention 
provides a method that a heater resistor is made on the 
neighboring area of hot junction and is used to calibrate 
the drift effect of thermocouple materials by following 

55 electrical calibration method. 

[0015] The prior thermoelectric sensor comprises 
metal can of four pins that has two pins for thermoelec- 
tric sensor and two pins for off -chip ambient temperature 
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sensor. The present invention provides a metal can 
package of the thermoelectric sensor in which it has 5 
pins or 6 pins. It means two pins for thermoelectric sen- 
sor, two pins for on-chip temperature sensitive resistor, 
and two pins for the heater resistor, while the tempera- 
ture sensitive resistor and healer resistor can share 
common ground. The two pins of thermoelectric sensor 
is isolated from the metal can to reduce the noise influ- 
ence. 

[0016] To provide prior arts about the thermoelectric 
sensor, some significant patents are shown as following: 

(1) U.S.Patent 4,665,276, Thomas Elbel, Jurgen 
Muller, Friedemann Volklein, "Thermoelectric Sen- 
sor" 

(2) U.S. Patent 5,100,479, Kensall D. Wise, Khalil 
Najati, -Thermopile, Infrared Detector with Semi- 
conductor Supporting RIM" 

(3) U.S. Patent 4,456,919, Katsuhiko Tomita, Tat- 
suo Shimizu, Masaichi Bandoh, "Thermopile Type 
Detector with Temperature Sensor for Cold Junc- 
tion" 

[0017] An U.S. Patent 4,665,276, disclosed a thermo- 
electric sensor of the backside wet etched membrane 
structure comprising a thin-film thermopile, and provid- 
ing Be, Sb as the thermoelectric materials. 
[0018] An U.S. Patent 5, 100,479, disclosed a thermo- 
electric sensor consisting of a heavy doped silicon sup- 
porting rim. The rim supports a series of polysilicon and 
metal thermocouples. It also serves as a good thermal 
conductor for supporting the cold junctions and remov- 
ing the heat from the cold junctions. 
[001 9] The means of thermoelectric sensor according 
to aforementioned two patents employ close membrane 
structure of backside wet etching, but the present inven- 
tion employs open membrane structure of front side wet 
etching. 

[0020] An U.S. Patent 4,456,91 9, disclosed a thermo- 
electric sensor with on-chip diode or transistor which is 
made at the same fabrication procedure of thermoelec- 
tric sensor. This diode or transistor is used to detect am- 
bient temperature for temperature compensation pur- 
pose. The present invention uses the first thermocouple 
element line or second thermocouple element line to 
form an on-chip temperature sensitive resistor, i.e., a 
thermister. This on-chip temperature sensitive resistor 
can be made at the same fabrication procedure of ther- 
moelectric sensor. 

[0021] Reference in this regard is made to the follow- 
ing articles: 

(1) G. R. Lahiji and K. D. Wise, "A batch-fabricated 
silicon thermopile infrared detector", IEEE Trans. 
Electron Devices ED-29, pp!4-22, (1982). 

(2) R, Lenggenhager, H. Baltes, J. Peer and M. For- 
ster. "Thermoelectric infrared sensors by CMOS 
technology 0 , IEEE Electron Device Letters 13, 454, 



(1992). 

(3) T. Akin, Z. Olgun, O. Akar, and H. Kulah "An in- 
tegrated thermopile structure with high responsivity 
using any stndard CMOS process", Sensors and 

s Actuators A66, pp.21 8-224 (1 998). 

(4) H. Baltes, "CMOS as Sensor Technology", Sen- 
sors and Actuators A37~38, pp.51— 56 (1993). 

(5) HL-PLAN AR Technik Catalog of Thermosensors 
(TS 10060), HL-PlanartechnikGmbH, Hauert 13 44 

10 227 Dortmund, Germany. 

[0022] According to aforementioned papers, Lahiji 
and Wise propose a close membrane structure compris- 
ing thermoelectric materials of Au and polysilicon, and 
15 use the backside silicon anisotropic wet etching to form 
the close membrane structure. Batles et. al. provide the 
thermoelectric material of aluminum and polysilicon, 
and employ open membrane structure by front side sil- 
icon anisotropic wet etching. The radiation absorber lay- 
er is composed of Si0 2 and SiN. Kulah et. al. provide a 
structure that the open membrane structure made by 
front side silicon anisotropic wet etching, while the ther- 
moelectric materials use n-poly and p+-active layers of 
standard CMOS process. However the electrochemical 
etch -stop technique is necessary to protect p+-active 
layer from wet etching during removing underneath sil- 
icon substrate process. This approach leads to the proc- 
ess complexity and causes decreasing the yield of gross 
die. 

[0023] Besides, the method of the reference paper (4) 
is disclosed that a heater resistor is placed on the mem- 
brane and used to measure the thermal conductance of 
structure. But in the present invention, a heater resistor 
is made on the neighboring area of hot junction is used 
for electrical calibration to against to the aging of ther- 
moelectric materials. The reference materials (5) em- 
ploys an on-chip Ni thermister as the temperature sen- 
sor, while the present invention employs the material as 
same as first or second thermocouple element line to 
form the on-chip temperature sensitive resistor. This on- 
chip temperature sensitive resistor and the thermopile 
structure are fabricated at the same time. 
[0024] When the normalized output is derived versus 
the different incident radiation angle, we find the 100% 
normalized output happened at the radiation incident 
angle of about ±10° deviated from the normal direction 
of the plane of radiation absorber layer, and 85% nor- 
malized output is observed in the case of incident angle 
of about 0°. This fact is ascribed to that some reflected 
radiation energy from the Si (1 1 1 ) facet of v-grove cavity 
is absorbed by the radiation absorber layer. The present 
invention discloses a reflective mirror to cover the front 
side etching window to avoid the radiation penetrate 
through the front side etching window and incident on 
Si (11 1 ) facet, then reflected and incident onto radiation 
absorber layer. This reflective mirror plate locates at the 
position of front side etching window, and can be made 
at the same time of making the thermoelectric sensor 
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structure. This reflective mirror plate comprises alumi- 
num as the reflection purpose. 
[0025] The present invention is a cost-effective meth- 
od. The advantages of polysilicon/metal thermocouples 
are simple to be fabricated by standard CMOS process. 
How to promote the gross die, yield, and upgrade the 
sensor performance is the subject matter of the present 
invention. 

SUMMARY OF THE INVENTION 

[0026] According to the embodiment of the present in- 
vention, the present invention provides a method of fab- 
ricating thermoelectric sensor, so as to improve the dis- 
advantages of prior art. 

[0027] The distinguishing features of the method to 
the present invention disclosed as below: 

(1 ) Selecting a material with lower thermal conduc- 
tivity coefficient as thermocouple element line and 
making use of photolithographic method to form a 
meander or zigzag structure of thermocouple ele- 
ment line. It could increase the length of thermocou- 
ple element line and decrease the heat conduct- 
ance, and then increase the sensitivity and perform- 
ance of thermoelectric sensor without increasing 
the die size. 

(2) Selecting titanium alloy with a lower thermal con- 
ductivity as material of thermocouple element line 
and decreasing the solid thermal conductance 
thereafter. 

(3) Fabricating a resistor to be treated as a heater 
on the neighboring area of hot junction is used for 
electrical calibration to against to the aging of ther- 
moelectric and other structure materials and envi- 
ronment effect, and then increasing the precision of 
non-contact temperature measurement in a long 
term of operation. 

(4) Employing titanium thin film and its relative alloy 
from the semiconductor industrial process technol- 
ogy to be the radiation absorber layer 

(5) Opening an etching hole on the free-standing, 
or floating, membrane of radation absorber layer 
and isolation layer to shorten the etching time and 
to increase yield. 

(6) Employing front side silicon anisotropic wet 
etching technique to remove the underneath silicon 
substrate of open membrane structure of thermoe- 
lectric sensor. Then heated junction is suspended 
or thermal isolated from silicon substrate, so as to 
increase signal output. The method provides higher 
gross die, easier package, easier process than prior 
art, and comparatively reduces etching time and 
possible damage of sensing element. 

(7) Selecting the same material as first or second 
thermocouple element line as an on-chip tempera- 
ture sensitive resistor, and resistance of this resistor 
is greater than 100KQ. 



(8) . Forming a reflective mirror to cover the front 
side etching window to avoid influence of reflected 
radiatbn from Si (111) facet of underneath v-grove. 
This reflective mirror plate is made at the same time 

5 of making the thermoelectric sensor structure. This 
reflective mirror plate comprises aluminum film as 
the reflection purpose. 

(9) . Selecting 5 pins or 6 pins of metal can. 

w [0028] In order to reach the aforementioned purpose, 
the present invention provides a method of fabricating 
thermoelectric sensor, comprising the following steps: 
[0029] Providing a silicon substrate. Depositing a first 
isolation layer on the surface of the silicon substrate. 

'5 Depositing a thermocouple element material layer on 
the surface of the first isolation layer. This material could 
be the polysilicon, amorphous silicon, or metals. Mask- 
ing defining and etching the part of the thermocouple 
element material layer to form a first thermocouple ele- 

20 mentline. Depositing a second isolation layer on the sur- 
face of the first thermocouple element line and the first 
isolation layer. Patterning and etching the part of the 
second isolation layer to form plurality of contact win- 
dows or contact vias. Depositing a metal layer on the 

25 surface of the second isolation layer. Patterning and 
etching the part of this metal layer to forma second ther- 
mocouple element line, and the second thermocouple 
element line contact the first thermocouple element line 
with plurality of heated junctions and cold junctions by 

30 previous mentioned contact windows. Depositing a third 
isolation layer on the surface of the second thermocou- 
ple element line and the second isolation layer. Pattern- 
ing and etching the part of third isolation layer and the 
second isolation layer, whereby the part of the last sec- 

35 ond thermocouple element line is exposed, then electri- 
cally coupled onto the second metal pad in next step, 
and the first thermocouple made of the first thermocou- 
ple element line is electrically coupled onto the first met- 
al pad through the connection of this second thermo- 

40 couple element line. Depositing a second metal layer 
above the third isolation layer. Patterning and etching 
the part of the second metal layer and forming the first 
metal pad and second metal pad. Then the electrically 
coupling of a group of thermocouple and metal pad is 

45 formed. Depositing a fourth isolation layer above the 
third isolation layer and the second metal layer. Depos- 
iting a third metal layer above the fourth isolated layer, 
and defining the radiation absorber layer by means of 
etching or lift-off (inverse masking), thereby it may ab- 

50 sorb inlrared rays in operation. Depositing a fifth isola- 
tion layer on the surface of the fourth isolation layer and 
the radiation absorber layer; Etching the part of the 
fourth isolation layer and the fifth isolation layer, and 
forming a bonding windows on the first metal pad and 

55 the second metal pad. Patterning and forming front side 
etching windows by etching through the fifth isolation 
layer, the fourth isolation layer, the third isolation layer, 
the second isolation, and the first isolation layer, and 
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then the surface of the silicon substrate is exposed. 
Etching the silicon substrate via the front side etching 
windows by silicon anisotropic wet etching technique 
thereby undercut or empty the silicon substrate under- 
neath the thermocouple membrane area. 
[0030] Referring to previous mentioned method of 
making the electrically connection between a group of 
thermocouples and metal pads. Another method to 
make electrically connection is as next: Patterning and 
etching the part of third isolation layer and the second 
isolation layer, whereby the part of the last second ther- 
mocouple element line and the part of the first thermo- 
couple element line are exposed. Depositing a second 
metal layer above the third isolation layer. Patterning 
and etching the part of the second metal layer and then 
forming the connection line between each couple of the 
first thermocouple element and the second thermocou- 
ple element, and forming the first metal pad and second 
metal pad as well. Then electrically connection between 
a group of thermocouples and metal pads is formed. De- 
positing a fourth isolation layer above the third isolation 
layer and the second metal layer. Thereby the same pro- 
cedure to make the radiation absorber layer and front 
side etching windows, and wet etching are used to form 
the final structure of thermoelectric sensor. 
[0031] In according to aforementioned process, the 
signal output of the thermoelectric sensor device is 
measured between the first metal pad and the second 
metal pad. The thermoelectric sensor structure compris- 
es: 

[0032] A silicon substrate and a first isolation layer 
form on the surface of the silicon substrate. A plurality 
of first thermocouple element line form on the surface 
of the first isolation layer, wherein each of the first ther- 
mocouple element line having a heated junction and a 
cold junction, and the first cold junction of first thermo- 
couple element line electrically coupled to the first metal 
pad. A second isolation layer forms on the surface of the 
first thermocouple element line. A plurality of second 
thermocouple element line form on the surface of the 
second isolation layer, wherein the second thermocou- 
ple element line is defined and patterned as meander 
structure or zigzag structure, wherein each of the sec- 
ond thermocouple element line having a heated junction 
and a cold junction, the heated junction of the second 
thermocouple element line connects with the heated 
junction of the first thermocouple element line, and the 
last cold junction of second thermocouple element line 
electrically couples to the second metal pad. A third iso- 
lation layer forms on the surface of the-second isolation 
layer and the second thermocouple element line. A sec- 
ond metal layer forms the first metal pad and the second 
metal pad. A fourth isolation layer forms on the surface 
of the third isolation layer, the first metal pad, and the 
second metal pad. A radiation absorber layer forms on 
part of surface of the fourth isolation layer for absorbing 
infrared rays. A fifth isolation layer forms on the surface 
of the fourth isolation layer and the radiation absorber 



layer. Bonding windows form on the first metal pad and 
the second metal pad via etching the part of the fourth 
isolation layer and the fifth isolation layer. Front side 
etching windows form on the silicon substrate via etch- 

s ing through the fifth isolation layer, the fourth isolation 
layer, the third isolation layer, the second isolation, and 
the first isolation layer. The silicon substrate underneath 
the thermocouple membrane area can be wet etched 
through the front side etching windows. A heater resistor 

to using the same material as first or second thermocouple 
element line is fabricated on the neighboring area of hot 
junction is used for electrical calibration to against to the 
aging of thermoelectric and other structure materials 
and environment effect. A on-chip temperature sensitive 

*5 resistor using the same material as first or second ther- 
mocouple element line with resistance greater than 
1 00KST2 is fabricated at same time when the thermoelec- 
tric sensor is made by the semiconductor process tech- 
nology. Reflective mirrors to cover the front side etching 

20 window to avoid influence of reflected radiation from Si 
(111) facet of underneath v-grove is made at the same 
time of making the thermoelectric sensor structure. This 
reflective mirror plate comprises aluminum film as the 
reflection purpose. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The foregoing aspects and many of the attend- 
ant advantages of this invention will become more read- 
30 i|y appreciated as the same becomes better understood 
by reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 
wherein: 

[0034] FIG. 1 A is a cross-sectional view of the rim of 
35 thermoelectric sensor of prior art. 

[0035] FIG. 1B is shown the connection of intercon- 
nects in according with thermoelectric sensor of FIG. 1 A 
of prior art. 

[0036] FIG. 2A is a cross-sectional view of the ther- 
40 moelectric sensor in according with the present inven- 
tion. 

[0037] FIG. 2B is shown the connection of the ther- 
moelectric element line of two layers in according with 
thermoelectric sensor of FIG. 2A. 

45 [0038] FIG. 2C is shown the connection of the ther- 
moelectric element line of three layers in according with 
thermoelectric sensor of FIG. 2A. 
[0039] FIG. 2D is shown the meander or zigzag struc- 
ture of the second thermoelectric element line on the 

50 straight first thermoelectric element line in according to 
thermoelectric sensor of FIG. 2A. 
[0040] FIG. 3A—3J is shown the cross-sectional view 
of the process steps for fabricating thermoelectric sen- 
sor in according with present invention. 

ss [0041] FIG. 4A is shown the thermoelectric sensor 
structure of cantilever beam in according with the em- 
bodiment of the present invention. 
[0042] FIG. 4B is shown the thermoelectric sensor 
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structure of 4-arm bridge in according with the embodi- 
ment of the present invention. 
[0043] FIG. 4C is shown the thermoelectric sensor 
structure of 2-arm bridge in according with the embodi- 
ment of the present invention. s 
[0044] FIG. 5 is shown the thermoelectric sensor 
structure with wet etching hole on radialion absorber 
layer in according with the embodiment of the present 
invention. 

[0045] FIG. 6 is shown the schematic by fabricating a 10 
heater resistor on the neighboring area of hot junction 
of thermocouple membrane is used for electrical cali- 
bration in according with another embodiment of the 
present invention. 

[0046] FIG. 7 A is shown the cross sectional schemat- is 
ic of reflective light paths of the incident infrared rays 
due to the influence of reflected radiation from Si (111) 
facet of underneath v-grove in according with the em- 
bodiment of the present invention. 

[0047] FIG. 7B is shown the cross sectional schemat- 20 
ic of using the reflective mirrors to cover the front side 
etching window to avoid influence of reflected radiation 
from Si (111) facet of underneath v-grove in according 
with the perfect embodiment of the present invention. 
[0048] FIG. 8 is shown the top view of the reflective 2s 
mirrors in according with the embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

[0049] The embodiments of the present invention will 
now be described in detail with reference to figures. 
[0050] Referring to FIGURE 2A, which is a cross-sec- 
tional view of the thermoelectric sensor in according with 
the present invention. The thermoelectric sensor is pro- 35 
vided with a silicon substrate 31, a plurality of first ther- 
mocouple element line 35, a plurality of second thermo- 
couple element line 36, a radiation absorber layer 39, a 
front side etching window 34, a underneath v-grove cav- 
ity formed by anisotropic wet etching 32, a plurality of 40 
contact windows of hot junction 43, first isolation layer 
21, second isolation layer 22, third isolation layer 23, 
fourth isolation layer 24, and fifth isolation layer 25. 
[0051] FIG. 2B is shown the connection of the ther- 
mocouple of two element lines in according with ther- 45 
moelectric sensor of FIG. 2A. Referring to FIGURE 2A, 
23, second thermocouple element line 36 contacts first 
thermocouple element line 35 with hot junction H via 
contact windows 43 of third isolation layer 23. The last 
line of second thermocouple element line 36 is electri- so 
cally coupled to second metal pad 38. The first line of 
first thermocouple element line 35 is electrically coupled 
to first metal pad 37. The first metal pad 37 and second 
metal pad 38 act as output electrodes of thermoelectric 
sensor. ss 
[0052] As aforementioned structure, FIG. 3A—3J is 
shown the cross-sectional view of the steps for fabricat- 
ing thermoelectric sensor in according with present in- 



vention. 

[0053] First, providing a silicon substrate 31 and de- 
positing a first isolation layer 21 on the surface of the 
silicon substrate, shown as the FIG. 3B, part of silicon 
substrate 31 underneath thermocouple structure will be 
removed by the anisotropic wet etching in the following 
steps. Depositing a first thermocouple element layer 
that comprises metal, or polysilicon, or amorphous sili- 
con on the surface of the first isolation layer. As the FIG. 
3C shown ; patterning the part of the first thermocouple 
element layer by photolithography and dry etching proc- 
ess, which form a first thermocouple element line 35 on 
the part surface of first isolation layer 21. Depositing a 
second isolation layer 2't on the surface of first thermo- 
couple element line 35 and first isolation layer 21 , and 
performing planarization and etching the part of second 
isolation layer 22 to form plurality of contact windows 43 
of hot junction. The first thermocouple element line 35 
is exposed at the bottom of contact windows 43, as 
shown in FIG. 3D. 

[0054] Depositing a first metal layer on the surface of 
the second isolation layer 22, the first metal layer fills of 
the contact windows 43. After deposition process, pat- 
terning the first metal layer to form the second thermo- 
couple element line 36 on the surface of the second iso- 
lation layer 22. The electrical connection between the 
first thermocouple element line 35 and the second ther- 
mocouple element line 36 is formed via contact windows 
43, as shown in FIG. 3E. The second thermocouple el- 
ement line 36 contacts the first thermocouple element 
line 35 at hot junctions H of contact windows 43, and at 
cold junctions C (not shown in figure) via the contact win- 
dows not shown in figure. 

[0055] After forming the second thermocouple ele- 
ment line 36, depositing the third isolation layer 23 on 
the surface of the second thermocouple element line 36 
and the second isolation layer 22. Etching the third iso- 
lation layer 23 and the second isolation layer 22, then 
the part of the first line of the first thermocouple element 
line 35 and the last line of the second thermocouple el- 
ement line. 36 is exposed at the cold junction area. 
These exposure parts on the cold junction of the first 
line of the first thermocouple element line 35 and the 
last line of the second thermocouple element line 36 are 
the contact windows for next step of forming electrical 
connection to bonding metal pads. Then depositing the 
second metal layer on the third isolation layer 23 and 
the contact windows on the cold junctions of the first line 
of the first thermocouple element line 35 and the last 
line of the second thermocouple element line 36. The 
second metal layer fills of the contact windows. After 
deposition process, the second metal layer is patterned 
to form the metal pad 37, the metal pad 38, the electrical 
connection line between the first line of the first thermo- 
couple element line 35 and metal pad 37 : and the elec- 
trical connection line between the last line of the second 
thermocouple element line 36 and metal pad 38 (not 
shown in the FIG. 3E ~- 3F). Thereafter the last line of 
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second thermocouple element line 36 is electrically cou- 
pled to second metal pad 38. The first line of first ther- 
mocouple element line 35 is electrically coupled to first 
metal pad 37, as shown in FIG. 2B. 
[0056] As shown in FIG. 3F, depositing the fourth iso- 5 
lation layer 24 on the third isolation layer 23 and the sec- 
ond metal layer. Then deposition of the third metal layer 
on the aforementioned fourth isolation layer 24 whereby 
the method of etching or Lift off to define the radiation 
absorber layer 39 to absorb the incident infrared rays, 10 
as shown in FIG. 3G. The material of the radiation ab- 
sorber layer is selected from a group consisting of tita- 
nium, or titanium nitride, or titanium alloy, and other al- 
loys. 

[0057] After forming the radiation absorber layer 39, is 
the fifth isolation layer 25 is deposited on the surface of 
the fourth isolation layer 24 and the radiation absorber 
layer 39. Etching the part of the fourth isolation layer 24 
and the fifth isolation layer 25 to open windows (not 
shown in Fig) on the first metal pad 37 and the second 20 
metal pad 38. Then the first metal pad 37 and the second 
metal pad 38 are exposed and act as output electrodes 
of thermoelectric sensor. Proceeding to pattern the part 
of the fourth and fifth isolation layer, 24, 25, the third 
isolation layer 23, the second isolation layer 22, and the 25 
first isolation layer 21 of the front side wet etching win- 
dows 34 are continuously etched away. Then bare sur- 
face of the silicon substrate 31 is exposed, as FIG. 31 
shown. Etching the silicon substrate 31 via the front side 
wet etching windows 34 by silicon anisotropic wet etch- 30 
ing technique thereby undercut or empty the silicon sub- 
strate 31 underneath the thermocouple membrane ar- 
ea, as shown in FIG. 3J. 

[0058] After aforementioned steps of present process 

are illustrated, provide the feature of present thermoe- 35 

lectric sensor structure as below: 

[0059] To the aspect of the thermocouple element 

lines: 

[0060] According to the embodiment of the present in- 
vention, the second thermocouple element line 36 is 40 
made of titanium or its related alloy. Due to not only the 
thermal conductivity coefficient of titanium (17W/K) is 
quite lower than thermal conductivity coefficient of Al- 
SiCu alloy (-238W/K), but also titanium is a good con- 
ductor thereby improve the responsivity (Rv) and spe- 45 
cific detectivity (D*). Since the total thermal conduct- 
ance of thermocouple sensor become lower, while the 
total resistance of thermocouple sensor almost keep at 
the same level. The second thermocouple element line 
36 is formed in the contact windows 43, so for this rea- so 
son, the second thermocouple element line 36 treats as 
the connection line of the first line of the first thermocou- 
ple element line 35 to the second line of the first ther- 
mocouple element line 35, and the connection line of 
the second line of the first thermocouple element line 35 55 
to the third line of the first thermocouple element line 35, 
and so on, as shown in FIG. 2B. 
[0061] In another embodiment of the present inven- 



tion, the foregoing second metal layer substitutes for the 
second thermocouple element line 36 as the connection 
lines 40. the interconnection way is shown as FIG. 2C. 
In this way, the second metal layer is deposited on the 
third isolation layer 23 and the contact windows on the 
cold junctions. The second metal layer fills of the contact 
windows. After deposition process, the second metal 
layer is patterned to form the connection lines 40, the 
metal pad 37, the metal pad 38, the electrical connection 
line between the first line of the first thermocouple ele- 
ment line 35 and metal pad 37, and the electrical con- 
nection line between the last line of the second thermo- 
couple element line 36 and metal pad 38. 
[0062] Furthermore, in another embodiment of the 
present invention, employing the material of the second 
thermoelectric element layer as the first metal pad 37 
and the second metal pad 38. It could avoid fabricating 
the third isolation layer 23 and the second metal layer. 
[0063] According to aforementioned feature, to im- 
prove the characteristic of the thermoelectric sensor is 
to increase the length of the thermocouple element line 
thereby to use a zigzag structure, or a meander struc- 
ture, of the thermocouple element line to reduce heat 
conductivity. The present invention discloses a zigzag 
structure of the second thermocouple element line to de- 
crease the thermal conductance of the second thermo- 
couple element line, while the length of first thermocou- 
ple element line is kept the same, as the structure shown 
in FIG. 2D. In such invention, the sensor performance 
can be promoted without changing the size of sensor or 
the size of membrane. The aforementioned zigzag 
structure includes many kinds of geometric configura- 
tion such as a single zigzag layer structure, a multi-layer 
zigzag structure, a sinuous shape structure or other 
structures depending on the requirement for user. Fur- 
ther, the first thermocouple element line 35 can also be 
the zigzag structure, if the materials of the first thermo- 
couple element line 35 has high thermal conductivity 
and tow electrical resistivity. 

[0064] In addition, the principle of the prior thermoe- 
lectric sensor is that translates the absorbed thermal ra- 
diation heat of radiation absorber layer 39 to a temper- 
ature difference between the hot and cold junction, and 
then an output voltage of the thermoelectric sensor can 
be derived due to this temperature difference. The value 
of this voltage output is used to calculate the tempera- 
ture of the object based on the Stefan -Boltzmann law. 
However, this output voltage may decrease or deterio- 
rate due to the aging of thermocouple materials in which 
is caused by strong environment variation and storage 
damage. Besides, this voltage may vary as the drift of 
characteristics of read out electrical circuit. This effect 
will reduce the measurement precision in the long term. 
The present invention provides a resistor to be a heater 
and is made on the neighboring area of hot junction. This 
heater resister is used to calibrate the drift effect based 
on the following electrical calibration measurement. 
[0065] The principle of the electrical calibration meas- 
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urement is simply described as following: Made a ther- 
moelectric sensor structure with a heater resistor on the 
neighboring area of hot junction. The output voltage 
from thermoelectric sensor is measured when a pulse 
voltage or ac voltage is applied to the heater resister in s 
the case of that the infrared ray radiation from objects 
is shielded. Then the output voltage of thermoelectric 
sensor is only related to the input heat from the applied 
bias to heater resistor. This way can be used to simulate 
the output voltage caused by a rising temperature dif- io 
ference of thermoelectric sensor when the radiation en- 
ergy is received from the objects. In other words, the 
power and the rising temperature of heater are propor- 
tional to the power and the rising temperature of the in- 
cident radiation. For the practical application, before is 
measuring the temperature of object like human body, 
shielding the radiation to the thermoelectric sensor by a 
shutter in advance, then power W h is supplied to the 
heater and output voltage V h is measured. Thereafter 
removing 20 

w h ' kx V h (5) 

25 

=>W t =kx£xW h (6) 

the shutter, the power W t is received from the object and 30 
radiates onto the radiation absorber layer. Then the out- 
put voltage V t of the thermoelectric sensor can be meas- 
ured. The power W t can be calculated according to the 
input, or default/value of the W h , the measured values 
of the V h , and V,. The related equations can be shown 35 
as following: 

Where k is a ratio constant. It can be calibrated and de- 
rived when the precise measurement performed with a 
known blackbody temperature and a known input bias 
to the heater. The output effect of the thermoelectric 40 
sensor influences the V h and V t with the same trend or 
ratio according to the drift effect of environment, time or 
read out electrical circuit. But the exact measurements 
of the radiation and temperature of object can be meas- 
ured precisely, Because the V^/V, is kept at the same. 45 
[0066] According to another embodiment of the 
present invention, the larger open of front side wet etch- 
ing windows 34 will result infrared ray reflected from the 
bottom 48 or v -grove side wall 49 of the anisotropically 
undercut cavity. And this infrared ray secondary incident so 
onto the back side of the radiation absorber layer of the 
thermoelectric structure. To avoid this effect, reflective 
mirrors SO comprising the first metal and/or second met- 
al are proposed to reflect the incident infrared ray in 
present invention, as shown in FIG. 7B. In this way the ss 
front side wet etching windows are defined as narrow 
trenches. 

[0067] The prior package of thermoelectric sensor 



comprises a metal can of four pins that two pins are the 
output for thermoelectric sensor and two pins are the 
electrodes for off-chip ambient temperature sensor. Ac- 
cording to another embodiment of the present invention, 
a metal can package of the thermoelectric sensor with 
5 pins or 6 pins are proposed. It means two pins for ther- 
moelectricsensor, two pins for on-chip temperature sen- 
sitive resistor, and two pins for the heater resistor, while 
the temperature sensitive resistor and heater resistor 
can share common ground electrode. The two pins of 
thermoelectric sensor are isolated from the metal can to 
reduce the noise influence. 

[0068] The features of the present invention are illus- 
trated as follows: 

(1) the structure of the second thermocouple ele- 
ment layer: 

The second thermocouple element line pro- 
vides a zigzag, or meander, structure to decrease 
thermal conductance, the material is made of the 
low thermal conductivity material such as titanium 
or titanium alloy. Based on this way, even using Al- 
SiCu material of the standard CMOS process, the 
solid conductance still can be decreased up to 
70%-80% comparing to the prior straight line struc- 
ture. In view of aforementioned reason, it can im- 
prove the sensor performance without increasing 
the size of the thermoelectric sensor and the cost. 

(2) The post-etching process: 

The present invention provides the front side St 
anisotropic wet etching technique to substitute for 
the traditional back side Si anisotropic wet etching 
technique. The device size of thermoelectric sensor 
can be reduced when the front side wet etching is 
applied to release the thermocouple and radiation 
absorber structure. This way will increase the gross 
die of a wafer, and decrease the wet etching time. 
The relative structures can be cantilever beam, 
2-arm bridge, and 4-arm bridge, as shown in FIG. 
4A : 4B, and 4C. 

(3) The radiation absorber: 

The perfect embodiment of the present inven- 
tion is to employ titanium and its relative alloy to be 
a radiation absorber layer 39. The optimum absorp- 
tivity is obtained by controlling suitable thickness 
around 34 ng/cm 2 . It is helpful that titanium is an 
available material in the standard CMOS process. 

(4) The etching hole: 

It is easy to obtain a hillock structure on the bot- 
tom of v-grove after the front side wet etching treat- 
ment, when the membrane area of radiation absorb- 
er layer is too bigger. An etching hole 43' like the 
etching window 34 can be etched on the center of 
radiation absorber membrane 44, as shown in FIG. 
5. The function of this etching hole 43' is not only to 
avoid formation of a silicon hill on the bottom, but 
also to short the etching time. 

(5) The structure of performing electrical calibration 



(5) 

25 

(6) 

and 30 
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measurement: The present invention provides a re- 
sistor 45 on the radiation absorber membrane 44, 
the resistor 45 electrically couples to the third metal 
pad 46, the fourth metal pad 47 as depicted in FIG. 
6. The material of the resistance 45 is made from s 
the material of the first thermocouple element layer 
or second thermocouple element layer. The input 
power between the third metal pad 46 and the fourth 
metal pad 47 is supplied to electrical calibration 
measurement. The value of incident power and the 10 
rising temperature of thermoelectric sensor are sim- 
ulated by and in proportional to the input heat power 
of the heater resistor and induced temperature ris- 
ing of the thermoelectric sensor. 

(6) To the process: 15 

The present invention provides a compatible 
CMOS process, and achieves the process combine 
with CMOS, BiCMOS and thermoelectric sensor, 
and reduces the noise effect of the miscellaneous 
circuit. It is helpful to simplify the process. 20 

(7) The temperature sensitive resistor for the meas- 
urement of ambient temperature: 

The general thermoelectric sensor measures 
the ambient temperature by using an off-chip tem- 
perature sensor. The present invention applies the 2s 
same material with the first thermocouple element 
line or the second thermocouple element line to 
form an on-chip temperature sensitive resistor that 
can be used to measure the ambient temperature. 
Besides, to avoid rising. temperature of silicon sub- 
strate due to the dissipated heat power from the bi- 
as reading of this on-chip temperature sensitive re- 
sistor, the resistance of this on-chip resistor is de- 
signed to be greater than 1 00K Q. 

(8) The reflective mirrors structure: 

The reflective mirrors comprising the first metal 
and/or second metal are used to reflect the incident 
infrared ray in present invention to avoid secondary 
incident infrared ray radiates onto the back side of 
the radiation absorber layer of the thermoelectric 
structure. 

(9) The package of the thermoelectric sensor pro- 
vides 5 pins or 6 pins of metal can. 

[0069] As is understood by a person skilled in the art, 
the foregoing preferred embodiments of the present in- 
vention are illustrated of the present invention rather 
than limiting of the present invention. It is intended to 
cover various modifications and similar arrangements 
included within the spirit and scope of the appended 
claims, the scope of which should be accorded the 
broadest interpretation so as to encompass all such 
modifications and similar structure. 



Claims 

1. A method of manufacturing thermoelectric sensor, 



and the thermoelectric sensor comprising: 

providing a silicon substrate; 

depositing a first isolation layer on the surface 

of the silicon substrate; 

depositing a material layer on the surface of the 

first isolation layer; 

patterning and etching the part of the material 
layer to form a first thermocouple element line; 
depositing a second isolation layer on the sur- 
face of the first thermocouple element line and 
the first isolation layer; 

patterning the part of the second isolation layer 
to form plurality of contact windows; depositing 
a first metal layer on the surface of the second 
isolation layer; 

patterning and etching the part of the first metal 
layer to form a second thermocouple element 
line, and the second thermocouple element line 
contact the first thermocouple element line with 
plurality of hot junctions and cold junctions by 
permeating the contact windows; 
depositing a third isolation layer on the surface 
of the second thermocouple element line and 
the second isolation layer; 
etching the part of third isolation layer and the 
second isolation layer, whereby the part of last 
the second thermocouple element line is ex- 
posed thereby coupled electrically to the sec- 
ond metal pad, and the part of first the first ther- 
mocouple element line is electrically couple to 
the first metal pad by the second thermocouple 
element line. 

depositing a second metal layer above the third 
isolation layer; 

etching the part of the second metal layer and 
forming the first metal pad and second metal 
pad; 

depositing a fourth isolation layer above the 
third isolation and the second metal layer; 
depositing a third metal layer above the fourth 
isolation layer, and defining a radiation absorb- 
er layer by means of etch or lift off (inverse 
masking) thereby absorbing infrared rays; 
depositing a fifth isolation layer on the surface 
of the fourth isolation layer and the radiation ab- 
sorber layer; 

etching the part of the fourth isolation layer and 
the fifth isolation layer, and forming a front side 
wet etching windows and the first metal pad and 
the second metal pad are exposed ; 
forming etching windows and hole, and passing 
through the fifth isolation layer, the fourth isola- 
tion layer, the third isolation layer, the second 
isolation layer, and the first isolation layer and 
the surface of the silicon substrate is exposed; 
and 

Etching the silicon substrate via the etching 
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hole by front side silicon anisotropic wet etching 
technique thereby undercutting of the silicon 
substrate. 

2. The method of claim 1 , wherein material of the ther- s 
mocouple element material layer comprises metal 
and polysilicon. 

3. The method of claim 1, wherein radiation absorber 
layer material is selected from the group consisting 10 
of titanium, titanium nitride, titanium alloy, and other 
alloy. 

4. The method of claim 1 , wherein material of the first 
thermocouple element line and the second thermo- 15 
couple element line comprise semiconductor mate- 
rial. 

5. The method of claim 1 , wherein the first thermocou- 
ple element line coupled the second thermocouple 20 
element line with the third metal layer. 

6. The method of claim 1 , wherein material of the sec- 
ond thermocouple element line is selected from the 
group consisting of titanium, aluminum, titanium ni- 2s 
rride, titanium alloy, and aluminum alloy, and rela- 
tive mixtures. 

7. The method of claim 1 , wherein zigzag structure of 

the second thermocouple element line can be sin- 30 
gle zigzag layer structure, a multi-layer zigzag 
structure, a sinuous shape structure or other struc- 
ture shapes depend on the requirement for users. 
If the the first thermocouple element line has high 
thermal conductivity and low electrical resistivity, 35 
then the line shape of the first thermocouple ele- 
ment line can be zigzag or other structures to re- 
duce solid thermal conductance. 

8. The method of claim 1 , wherein the first metal pad 40 
and the second metal pad are made by the first met- 
al layer. 

9. The method of claim 1 , Comprising an etching hole 

on the center of the radiation absorber membrane 45 
while the etching windows are formed. 

10. A thermoelectric sensor device of the type in which 
an output of the thermoelectric sensor device 
makes use of a first metal pad and a second metal so 
pad, comprising: 

a silicon substrate; 

a first isolation layer forms on the surface of the 
silicon substrate; ss 
a plurality of first thermocouple element lines 
form on the surface of the first isolation layer, 
wherein each of the first thermocouple element 



lines having a hot junction and a cold junction, 
and first the cold junction of the first thermocou- 
ple element lines couples electrically to the first 
metal pad; 

a second isolation layer forms on the surface 
of the first thermocouple element line, 
a plurality of second thermocouple element 
lines form on the surface of the second isolation 
layer, wherein the second thermocouple ele- 
ment lines having zigzag structure, wherein 
each of the second thermocouple element lines 
having a hot junction and a cold junction, the 
hot junction of the second thermocouple ele- 
ment line connects with the hot junction of the 
first thermocouple element line, and last the 
cold junction of the second thermocouple ele- 
ment lines couples electrically to the second 
metal pad; 

a third isolation layer forms on the surface of 
the second isolation layer and the second ther- 
mocouple element line; 

a second metal layer forms the first metal pad 
and the second metal pad; 
a fourth isolation layer forms on the surface of 
the third isolation layer , the first metal pad, and 
the second metal pad. 

a radiation absorber layer forming on the part 
surface of the fourth isolation layer for absorb- 
ing infrared rays 

a fifth isolation layer forming on the surface of 
the fourth isolation layer and the radiation ab- 
sorber layer. 

a bonding pad window forming above the the 
first metal pad and the second metal pad and 
passing through the fifth isolation layer and the 
fourth isolation layer, and the surface of the first 
metal pad and the second metal pad is ex- 
posed; and 

etching windows forming on the surface of the 
fifth isolation layer and extending downward 
and passing through the fifth isolation layer, the 
fourth isolation layer, the third isolation layer, 
and the second isolation for communicating the 
silicon substrate with external connection. 

11. The device of claim 10 : wherein the silicon sub- 
strate comprise CMOS (Complementary Metal-Ox- 
ide-Semiconductor) circuit. 

12. The device of claim 10 : wherein the silicon sub- 
strate comprise BiCMOS (Bipolar Complementary 
Metal-Oxide-Semiconductor) circuit 

13. The device of claim 10, wherein the appearance of 
the thermoelectric sensor device is a cantilever 
beam. 

14. The device of claim 10, wherein the appearance of 
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the thermoelectric sensor device is a 4-arm bridge. 

1 5. The device of claim 1 0. wherein the first thermocou- 
ple element line having straight line or zigzag struc- 
ture, s 

16. The device ol claim 10, wherein the second thermo- 
couple element line having zigzag structure. 

17. The device of claim 10, wherein temperature sen- io 
sitive resistor is selected from the group consisting 

of the first thermocouple element line and the sec- 
ond thermocouple element line, and its resistance 
is greater than 100KQ. 

75 

18. The device of claim 10 : wherein the structure of per- 
forming electrical calibration measurement is a 
heater resister made on the radiation absorber 
membrane in the neighboring area of hot junction. 

19. The device of claim 18, wherein the materia! ol the 
resister is made from the material of the first ther- 
mocouple element layer or second thermocouple 
element layer. 

20. The device of claim 10, further package of thermo- 
electric sensor comprising 5 pins of metal can. 

21. The device of claim 10, further package of thermo- 
electric sensor comprising 6 pins of metal can. 30 

22. The device of claim 10, wherein etching windows 
are defined as narrow trenches, the reflective mir- 
rors comprising the first metal and/or second metal 
layers are used to reflect the incident infrared ray to 35 
avoid secondary incident infrared ray radiates onto 
the back side of the radiation absorber layer of the 
thermoelectric sensor structure. 



40 



20 



25 



45 



SO 



55 



12 



EP 1 083 609 A1 




FIG. 1A 

PRIOR ART 





FIG. IB 

PRIOR ART 




13 



EP 1 083 609 A1 




FIG.2A 




14 



EP 1 083 609 A1 



— — g 

ZZZZZZ22ZZ] 



W / ; / / S / J S / s ; / j j ) ; / / ; / { / 7 



3 



-7 



3h 



40 



36 



35 



FIG. 2C 



35 r///////s 



36^ ^ 




FIG. 2D 



EP 1 083 609 A1 



FIG. 3A 31 




m N 

FIG. 3B 31 

35 

WMMMMW/W L 



FIG. 3C 31 

22 « 



FIG. 3D " 31 



16 



EP 1 083 609 A1 




\ 



FIG. 3G 



isnnrio <fp mRafirwAi i > 



17 



EP 1 083 609 A1 





FIG. 3J 

18 



EP 1 083 609 A1 




EP 1 083 609 A1 




FIG. 5 



:nrv-.irv ,-co inp^«noai 



20 



EP 1 083 609 A1 




21 

3DOCID: <EP 10S3609A1_I_> 



EP 1 083 609 A1 




22 



EP 1 083 609 A1 




EP 1 083 609 A1 




Europoon Potent 
Off? 09 



EUROPEAN SEARCH REPORT 



Appttettan Hionbcr 

EP 99 11 7879 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cftattcn of document uRh trxEcaton, wham epproprtata, 
of retevant pasaagas 



Reisvant 
to claim 



CLflSSmCATlOM OF TVS. 
APPUGATON (tntCLT) 



A 



PATEMT ABSTRACTS OF JAPAN 
vol. 014, no. 498 (P-1124), 
30 October 1990 (1990-10-30) 
& JP 02 205729 A (NEC CORP), 
15 August 1990 (1990-08-15) 
* abstract * 



HULLER H ET AL: "A FULLY CH0S-C0HPATIBLE 
INFRARED SENSOR FABRICATED ON SIH0X 
SUBSTRATES" 

SENSORS AND ACTUATORS A, CH, ELSEVIER 
SEQUOIA S.A., LAUSANNE, 
vol. A42, no. 1/03, 

15 April 1994 (1994-04-15), pages 538-541, 
XP000449977 
ISSN: 0924-4247 
* figure 1 * 



HO 94 16464 A (KINARD JOSEPH R ; HUANG DE 
XIANG (US); N0V0TWY DONALD B (US)) 
21 July 1994 (1994-07-21) 

* claim 1; figures 2,3 * 

T. AKIN ET AL: "An Integrated thermopile 
structure with high responslvlty using any 
standard CMOS process" 
SENSORS AMD ACTUATORS, 

vol. a66, 1998, pages 218-224, XP002130215 
Lausanne, CH 

* page 223, column 1, paragraph 4; figures 
1,2,8,9 0 

~~ -/- 



Th9 present oearch report has toen drawn up tor eS ctatms 



10 



1,2,4, 
13,15 

10 



H01L35/08 
H01L35/34 



I, 2,6, 

II, 13 

10 



15 

1,10,11, 

13,14 



TECHNICAL FIELDS 
SEARCHED <bltjCL7) 



HOIL 



THE HAGUE 



Ds£3 of ozntpisOon of flo cccsoh 

10 February 2000 



De Raeve, R 



CATEGORY OF CITED DOCUMENTS 

X : pamcuJorty rcbvont t? toten aJora 

Y : parttodarty refewmt D comtorad wfth cnaGar 

tSocunottt of tta oqirs category 
A: tcctinotogtaalbackgiouiKj 
O ! non— oiQsn iPsctojuTB 
P: WcmeiDats tfocumsnt 



T : B»«y or prtnotpte uraterty&to tta trarenltim 
E : ooiCar patent dtwumenl, but publlehad on, or 

eSsrtttt fling 
D : document cQed In tha eppneaflon 
L : document cftad tw crthar recaoro 

& : mantooT cf tha came pafcard tanrtOy, oon^porofing 
documsnt 



:nnr:irv <rEP mnsfwiA 1 i 



24 



EP 1 083 609 A1 



European Patent 
Offlco 



EUROPEAN SEARCH REPORT 



AppSsdion ttinnbcr 

EP 99 11 7879 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Ototoo^o^Kumsrt^ frt^^ whare appropriate, 
of ratovant passages 


Ratovant 
to cCatm 


CLA88lHCATtOMCFTKE 
APPUCATIOa (tntCLT) 


D,A 
A 

A 


H. BALTES: °CM0S as sensor technology 0 

SENSORS AND ACTUATORS, 

vol. A37-38, 1993, pages 51-56, 

XP002130216 

Lausanne, CH 

VAN HERHAARDEN A H ET AL: "INTEGRATED 
THERMOPILE SENSORS" 
SENSORS AND ACTUATORS A, CH, ELSEVIER 
SEQUOIA S.A., LAUSANNE, 
vol. A22, no. 1 / 03, 
1 Harch 1990 (1990-03-01), pages 621-630, 
XP000358506 
ISSN: 0924-4247 

FR 2 398 389 A (SIEMENS AG) 
16 February 1979 (1979-02-16) 




TEftCttCAL RELDS 
SEARCHED QsrUCLT) 


Tta present search report has bssn drawn up tor all claims 


nsnotccsscn Dabafecmp!=3sncro»ca3ia) Ejcjibk* 

THE HAGUE 10 February 2000 De Raeve, R 


CATEGORY OF CfTED DOCUMENTS T : frraory orprfneipfe uratertytng tha Iwcnflon 

E : carter patent document butpubfctodon, m 
X : pcrtouialy rctovont B taten ctatt after tto RUifl <fc±a 
Y : psrtouicfly rcisvont I? oomtotsd caQh anottcf D rdoarmsrt intha qjpSadirm 
ctoaflTwnlcftto cams Qeacgory L: document oCod torafhar rc=aora 
A : tscrmoiontcal bfitfapnmnd 

0:non-cntlton(C5Ctooure a : memter of ttta csroa planet taroOy, ewrv^pofKCng 
P : tnlGnn^kto doacRcrt docunert 



.1083609A1J_> 



25 



EP 1 083 609 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
OW EUROPEAN PATENT APPUCATION NO. 



EP 99 11 7879 



Thte annex I fete be patsnt tamfly members relating to fte patent document cited fan the above-menttonsd European eaarch report 
"Tne members ere as contained In the European Patsnt Office EDP file on 
The European PaterrtO^ lata rto way Dabb to the^ 

10-02-2000 



PtttBflt docun)6frt 
cted In search report 


Publication 
dst& 


Patent ton Dy 
memb3r(8) 


Pubflcotton 

<f£tt9 


JP 02205729 


A 


15-08-1990 


NONE 






W0 9416464 


A 


21-07-1994 


US 
AU 


5393351 A 
6090294 A 


28-02-1995 
15-08-1994 


FR 2398389 


A 


16-02-1979 


DE 
US 


2733071 A 
4211888 A 


08-02-1979 
08-07-1980 



s 



For more c&tsJts about thte enrcsx : ess Official Journal of the Eintrpsan Patent Office, No. 12/82 



26 



10WV7VIA1 I > 



